Cognitive deficits after aneurysmal subarachnoid hemorrhage (SAH) are common and disabling. Patients who experience delayed deterioration associated with vasospasm are likely to have cognitive deficits, particularly problems with executive function, verbal and spatial memory. Here, we report neurophysiological and pathological mechanisms underlying behavioral deficits in a murine model of SAH. On tests of spatial memory, animals with SAH performed worse than sham animals in the first week and one month after SAH suggesting a prolonged injury. Between three and six days after experimental hemorrhage, mice demonstrated loss of late long-term potentiation (L-LTP) due to dysfunction of the NMDA receptor. Suppression of innate immune cell activation prevents delayed vasospasm after murine SAH. We therefore explored the role of neutrophil-mediated innate inflammation on memory deficits after SAH. Depletion of neutrophils three days after SAH mitigates tissue inflammation, reverses cerebral vasoconstriction in the middle cerebral artery, and rescues L-LTP dysfunction at day 6. Spatial memory deficits in both the short and long-term are improved and associated with a shift of NMDA receptor subunit composition toward a memory sparing phenotype. This work supports further investigating suppression of innate immunity after SAH as a target for preventative therapies in SAH.
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Introduction
Subarachnoid hemorrhage (SAH) due to the rupture of an intracranial aneurysm accounts for 3% of all strokes but makes up a disproportionate amount of the morbidity (25%) van Gijn and Rinkel, 2001, and affects a population that is younger and healthier than those who suffer ischemic stroke. Delayed deterioration associated with vasospasm (also called delayed cerebral vasospasm or delayed cerebral ischemia) is a curious secondary complication of SAH with the hallmark of neurological dysfunction that begins 3-13 days after the hemorrhage and is associated with confusion, decreased level of consciousness, and stroke. Treatment of delayed deterioration has focused on the treatment of the vasculopathy and prevention of stroke with little success. (Macdonald et al., 2011; Hop et al., 2001; Barker and Ogilvy, 1996) A number of important issues remain to be resolved. Although ischemic stroke leads to the greatest measured disability in patients with delayed deterioration, permanent cognitive deficits account for an important, but less-well recognized disability (Frontera et al., 2009) . Cognitive deficits occur in 73% of patients with SAH 3 months after the hemorrhage and remain double the incidence of the general population 18 months after SAH (Wong et al., 2012; Powell et al., 2004; Al-Khindi et al., 2010) . In mice, memory deficits are localized to spatial memory tasks, but not activity levels, suggesting that hippocampal memory function is involved (Provencio et al., 2011) . Similar behavioral deficits are implicated in other memory disorders such as Alzheimer's-type dementia (Geddes et al., 1990 (Geddes et al., , 1986 Fonnum et al., 1995; Chen et al., 2002) .
Entrainment of spatial memory is dependent on late long-term potentiation (L-LTP) mediated by the N-methyl-D-aspartate receptor (NMDAR) and a-amino-3-hydroxy-5-methyl-4-isoxazolepropio 
